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ABSTRACT 



[57] 

A system for servicing sr.ttiupie queues ;c« Btiltcs a queue 
service time associated with each of ihc multiple queues. 
The rjueue servicing system selects a particular queue ser- 
vice time- ii :v.:. > [i.e. minimal value of all iiierilificd queue 

service times. The system services the queue associated with 
the selected queue service time. A new queue service time is 
determined for the queue associated wtih the selected queue 
service lime. Tire queue servicing system euiiiinuousiy ser- 
vices the queues white at least one of the queues contains 
data. The queue service time associated with a particular 
cxieue is calculated ia response to Hie sb.c of the packet at the 
head of tiie particular queue arid a bandwidth allocated to the 
particular queue. 

32 Claims, 6 Drawing Sheets 
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METHOD AND APPARATUS FOR 
SERVICING MULTIPLE QUEUES 

BACKGROUND OF THE INVENTION 

1. Field of Use Invention 

The present invention -ciaies to queue servicing mecha- 
nisms Mse .- p, ,aik do. To hecut'ot. po vsT_- a vestem for 
servicing multiple packet queues. 

2. Background 10 
Varies "oiccd res ;:::■.! a cv, lor used is i: :- :i>S:i j i data 

between nodes in ;> network. For example, data may be 
transmitted through multiple! intermediate network coinniu- 
nicniion devices, such as routers and switches, located 
between a source node and ., destir.atiOd code. Th-'-sc inter- i» 
mediate network communication devices may contain one or 
more queue:-, ii.it l.-aipoia.-ih slo:e data awaiting transmis- 
sion to another node or network communication device. in 
the network. 

!n nciwoiLs thai transmit data using an Internet Protocol 
(IP), best-effort service is typically provided by the various 
network nodes.. Best-c'loit service does not provide any 
Quality of Service t'QOS) guarantee, for a particular data 
stream. Instead, best-effort service transmits data in the 
onlct it was received ttstutt the n mc's available bandwidth. ■'•' 
Thus, during heavy network usage period;., data may t revel 
slowly and require a significant amount of time to travel 
from the source node to the destination node. However, 
during tight network usage per iods, the same data may travel 
through the network quickly such that the (lata reaches the - 5 ° 
destination node in a shorter period of time. 

Since IP data is typically transmitted using best-effort 
set vice, the spec;! at which IP data travels through a network 
depends on the available bandwidth ixtween the source $ 
node and the destination riotlt:. Thus, the time required to 
transmit IP data through a network may vary significantly. 
Therefore, best-effort service is not practical for transmitting 
real- time IP data such as voice data ox real-lime image data. 
Instead, QOS routing atid tesource allocation should be 4Q 
utilised when transmitting real-lime IP data. 

Network communication devices that support QOS and 
resource allocation typically use. multiple queues in which 
each queue is associated with a particular QOS or a par- 
ticular data flow. A portion of the device's resources, such as 45 
bandwidth, are allocated to a particular queue within the 
device. Since IP data packers may have different sizes (i.e.. 
lengths,), network comm'.mivshon devices iii.it contain rt .;• : ■ 
u'ple cjtieues require a mechanism or procedure for servicing 
those queues. Known .systems is : 1 1 i >■ .: ;s time stamp associ- 50 
atc-d with each data jv.es,..: ■•. the arrive; time to the various 
queues. I'fie pusses «..tvve.l lej-s. d on the queue priority 
and the time stamp of the data packets stored in the queue, 
t his use of a time sump f; r each : i a i a packet increases the 
complexity of the queue servicing procedure by requiring „ 
the generation and maintenance of time stamps. 
•Vt-.i -tioually, the- queue servicing procedure is complicated 
by requiring the comparison of* multiple time stamps to 
determine the next queue or data packet to service. 

SUMMARY OP THE INVEN TION 60 

Embodiments of the ptcscnt invemi:;;; provide :■. system 
for servicing multiple queues without requiring the use of a 
time stamp associated with each data packet. The multiple 
queues may be associated with edioree.t quality of service 6s 
(QOS) require men Ls or different data flows. The data packets 
stored in each queue typically have d die rem pr.cket lengths. 
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The multiple queues a.-c serviced Oased on the bandwidth 
ai'ddied to cac:: queue and ;i;as:/c tor :e'c.:i : .:;> '>: thi packet 
at the head of each queue (i.e., the next data packet to be 
transmitted from the queue). 

An embodiment of the invention provides a system that 
ids-si'ties a queue service time associated with each of the 
multiple queues. A particular cue tie service time is selected 
thai has the minimal value of all idenlitied queue service 
times. The queue associates:: with the selected queue service 
time is then serviced by the system. 

Another feature of the invention determines a new servite 
lime for the queue associated with the selected queue service 

Other embodiments of the invention continuously service 
the i triple queues while at least one queue contains data. 

A particular e.-.sho.'hiieu o! the invention calculates the 
queue service time associated with a particular queue in 
response to the size of the packet at die head of the particular 
queue and a banciwidtii allocated to the particular queue. 

Another embodimer.f of the invention calculates the 

queue service ;T;c associaied with a particular queue in 
response to the si/e of the packet at the head of the particular 
queue and a service interval associated with the particular 
queue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example in 
the following drawings in which like references indicate 
similar elements. 'Die following drawings disclose various 
emlMid-mcnwoflhe present, ittvcnlion for purposes of illus- 
tration only and are not intended to limit the scope of the 
invention. 

FIG. 1 illustrates a block diagram of an embodiment of a 
router capable of implementing the teachings of the present 
invention. 

FIG. 2 illustrates an embodiment of a portion of a. router 
including an outgoing buffer containing multiple queues and 
associated control mechanisms. 

FIG S is a tiow diarpam illustrating an embodiment of a 
procedure for servicing .multiple queues. 

I Ki ■! is .. tiow di-jp-nm illustrating an embodinien! <>i a 
procedure for determining a service order for multiple 
queues. 

FIG. 5 is a How diagram illustrating another embodiment 
of a procedure for determining a service oidei for multiple 
queues. 

FIG. 6 illustrates an embodiment of a processor-readable 
medium containing various information used by a computer 
or other processing device. 

DETAILED DESCRIPTION 

The following detailed description sets forth numerous 
spec:!!.- de'ruN ro provide a t! e -r . >i: i-j: e--,-T . si:.:;-.:-.;:!.- i Its: 
invention. How-eve -. those -l oidseov ssT is .viij 

(■), - .-. r.por.cr r u ri 

been described :n detail so as not to obscure the invention. 

Ice present invert- iori provides a system for servicing 
multiple queues fh i j pi may be associated 

with different quality of service (QOS) requirements or 
different data flows. 'Die data packets stored in the queues 
may have diffcro: lengths. As discussed in greater detail 
below, the order in which the multiple queues are serviced 
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i .1 lit 

HG. 1 illustrates a block diagram of an embodiment of a 
r ult (0 e p;ibi of impiemcn the t clung of the 
, ' rput] t 1 i ili i 

t < ' 1 I >> I L i V 

(hose of ordinary si; ill m ihc an will appreciate mat various 
.the, n !\ irk i nmmi t n ic e ich s e'teb 

f musiuii i n u 

the machines of ihc present invention. In a particular " 
embodiment of the invention, router 10 is an Interact Pro- 
tocol (IF) router. However, it will be appreciated 1 fleet the 
present inveniion can be used with various other protocols. 

Referritic to FIG. 1. router 10 receives data packets on 
communication medium 12 (labeled "Data IN") and trans- " 
in In 1 J p ck< a o i ei mt moic I n me liuro 1 1 (lab ic J 
"Data. OUT'), Throughout the description of this invention, 
the form "data packet" shall be understood to include any 
grouping oi iro r more data elements of any size including . f , 
data cells, data bytes, and the like. 

Ait incoming buffer 16 located in router 10 receives data 
packets ee.i communication medium 12. Incoming buffer 16 
is coupled to a routing flow identification module 22. 
Modidc 22 leads information from a data packers header to 
determine the data flow with which the packet is associated. 
Iodide 22 i i ,i , minted will i 

J e i Is (he pee (! C t 



it ti ' ' 1 hat are (eeei >y and cor ticated 

i.c the it t within router 10 at indicaied b bin a ows 1'fi.esc control 
. The use of messages represent control information and parameters that 
are used by router 10 to control the flow of date packets 
ihiou , it r The ill oiges may it 1 ' 

if. If" test i" '»•!(, , , i id ' ,th ; i> 

(ion I u 10 e ir 1 ij it init nln i ii U 

illation on communication mediums IS and 20. Witinn 
router 10, communication links 30. 32, 34. and M coamiu- 
i meat.e control messages between the various modules, 
fillers til s 1 ' t 1 28 though F5G. J u t 
the data path and ihe control message putts with separate 
arrows, a single port, may contain both (he data and control 
message communication mediums. For example, i mtmt 
em links 12 ai lis to he can represent i single port 
lymcutKio links 14 and 20 iog^h^; ean represent 

Fit 2 iliustr id went 1 1 . port on ( i ro iter 

nciuding a ! ing buffer containin m Pi, k I 

i I troiineehums j i i ' 

data from renting how tdcntiticaUon module 22 (HG. 1} and 
transmits data oil con mm cation I ni 42 i i 

24 in i,t r 44 coupled t 1 < 

46, 48, 50 and 52. Each of the queues 46-52 are coupled to 
art input of a queue st r • t 54 Quel erver 54 is coupled to 
i li , i to 4. • ' u ' r queues re. shown in 

FIG . 2, a particular ran ter or network communication device 

1 l\ It 11 ! Ill [ 1 ll 1 Lt 1 (]l 1 1 1 If 1 ! 

S -i < mvei o ,i tit i tr, binder 24 rise i shared nei or 
i erpot ,m 46-52 an. iddress queues associat. J 

with (he shared memory buffer pool 

Incoming data packets are received from routing flow 
identification i a 2l life itroik ca . fJ 
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tickets 



iced ir 



m duk v 



protocol flow aduiLs: 
referred to as a call ; 

i h iii < ( 

should be ice I or rt < by routei 11) II route 10 has 4 
snfhcii til resfjures net f • 1 handl T pic st 1 

low, tbei 2 fim I 

and establish the requested data (low through router 10. 
However, if router 10 does not have adequate resources or 
■ i i band i rep ted data How icn th tquest 4 

IS denied and the data flew is tioi I ' It! rot ph rt u er 
10. 

Reservation protocol flow admission module 26 is 
coupled to routing flow identification module 22 and a 
packet scheduler 28. Packet scheduler 28 determines the 5 
order in which the multiple queues in router 10 are serviced. 
Packet set , 1 to* 1 1 11 queue ser 

e t r 24 using con 

k 34 cussed its c.f 1 1 ;oiup buffer 

24 includes the router's multiple queues and is capable of 5 
servicinp those queues in response to information received 
front packet scheduler 28. 

As -shown in FIG. 1, data packets are received by rotifer 
10 at incoming buffer 16 on communication medium 12. The 
rhmk arrows dictate the flew >t "■ I through rou r 

10. For example, data packets flow from incoming buffer .16 

i t 'Hi ! nodule 22, tact 
buffer 24. Finally, the data packets art output on commu- 
nication medium 14. Although FIG. 1 illustrates a single 
1 , 1 J pin, a particuJa 1 it ti 

ler 10 on tain mult pi m n 1 nil 115 



manages the memorvai 
buffer 24 is overloaded, an incoming data packet may lac 
dropped by buffer controller 44. 

Outgoing buffet 24 is coupled !o packet scheduler 28 
through communication links 56 ;md 58. Communication 
link 56 provides queue stains information from queues 
46-52 to picket scheduler 28. The queue status information 
1 1 list ! a k t' 

of the packet at the head of each queue (i.e., die next packet. 
111 ihe queue to be transmitted), and information indicating 
whet particular qu t If or cm Con on 
line 56 is coupled to each queue 46-52 in outgoing butler 24 
st 1 that the o - , e sunns inform m is com uni- 
c.ated from each queue 46-52 to packet scheduler 28. 

Packet scheduler 28 is coupled to rcservatiou protocol 
How admission module 26 through commimscatroia link 36. 
lod 26 p ies (Ik 1 1 1 • to 

n ( i eh q ckct scheduler 

28, 1 the infbraiaii d from 1 u 

24 and module 26, pa 1 sehedul 1 nines which 

it eili 1 • rvi 1 

is provided to queue server 54 through communication link 
5S. Oj ue server 54 inclivid 1 elect |B«oe 46-52 

f fit e e r 1 1 t 1 1 

packet scheduler 28 When >articu ir quel is s k tip 
queue server 54, the data packet at the head of the selected 
queue s transit 1 ' t ''1 a link 42. 

Oi lore of queue 16-52 '< en in FIG 1 may 

u 1 n t best eft it set ce urn 1 1 
providing i It-- is id' 1 



the queue is only serviced when ill other queues 
. specific allocate.; bai:ow:J::s) have been serviced. 
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da! : Slow- :.f,: : ; ;l ;;; : i!kra:;l 

(Pdata packets can be performed on a per service class basis 
or a per data How bavis. Providing QOS guarantees for IP 
data permits the tra asm Lssion of re it • luce i P data (e .g., voice 
: :>. d-bo;.. ::na ; oitl.-oat the Je.bq.s t::;;>K a:-.;; ■ 

ability of best effort services. 

A specific embodiment of the invention uses the RSVP 
resource reservation protocol to establish a data Bow having 
a guaranteed QOS. However, it Mil be appreciated that otfcc- 
rescrvabon protocols and reservation procedure* may be 
used to establish data flows haying :-. guaranteed QOS. 

FIG 3 is a (low diagram illustrating an embodiment of a 
procedure tor scrvicitw multiple <;::< .>•_- A; si; p 61.1. .: d,i!.i 
packet is sec iv.-d by a cecKiuimcaie n cev.ca, sad: ,-.s ,1 
router. Step 62 identities the queue associated with the 
received data packet. As discussed above, this identification 
maybe performed using information contained in the header 
of the received data packet. Al step 64. the received data 
packet is stored in the appropriate queue, i.e., the queue 
identified in step 62. 

At step 66, the queues within the communication device 
are serviced based on a queue service order generated by a 
uaokei scheduler At step 68. the. procedure selects the dala 
packet from the head of the queue currently being serviced. 
At step 70, the selected data packet is transmitted across -be 
output port of the router. Although FIG. 3 illustrates a linear 
procedure, for receiving, servicing, and transmitting data 
packet's, it will be appreciated that two or more of these 
procedures may be performed simultaneously. For example, 
.1 particalai communication device may receive data packets 
at the same lime thai one or more queues are being serviced. 
Similarly, one or more data packets may be received by a 
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empty. the procedure \ ^' 1 k step "ft t > . <. dx 
size o: trie next Ja;a packet in the ideaf.t.vd queue b:ep *.'d 
then calculates the next scheduled q-acue service time for the 
identified queue and returns 10 step 78. 

In a particular embodiment, the ps cedure described 
rbove with aspect :o FIG 4 is bepk-raeiaeJ i : .- : ra die 

variables sr.d other p.ifat.ievt } discussed beto-.>. nr. lyp-cil-y 
stored in reuiswis willcm the router The tot«f bandwidth f,n 
a partictilarpor; is 1 .. s, by the variable B. The portion 
of the total bandwidth allocated to a particular queue is 
represented by variable F(i), where i represents the tlh 
queue, IUc allocated bandwidth F(i) is used by the- reserva- 
tion protocol How admission module (or cali admission 
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packets are transmitted from the coiumumcalioa device. 

FIG. 4 is a flow diagram illustrating an embodiment of a 
procedure for determining a service order for multiple 
queues. Al step 74, the variable T„ 7 - is initialized. T,.,. A is a 
reference lime for an index time), which is described in 
-•eater detail below. Step 76 calculates the next scheduled , 
queue service time for each queue Step 78 then determines 
whether al! queues are empty. If ail queues are empty, the 
procedure returns to step 78 and continuously tests for the 

If one or more queues contain data at step 78, the • 
procedure continues to stop 81! ;.-> identify the queue iiaving 
the tiiiniina! queue scrvic 



leul.-> 1; 



e ha\ 



idoi 



•o.:. certs : ice.de .< caicr.ci.'i: oneae .11.: a 



Step 82 transmits the data packet from the head of the 
queue identified at step SO. Next, step 84 .sets variable T v 
to the queue service time of the queue identified a; step 80, 
si, p ,S6 : \\ u c •-cucir.es whctbci the queue -dent; tied at step 
SO is empty. If step 86 determines ::sas the identified queue 60 
is empty, the procedure branches to step 88 where the queue 
service time for the tccniiticd queue, is set to infinity. Setting 
the queue service time to infinity ensures that the queue will 
not be serviced while it remains empty. When a new data 
packet is added to the queue, the queue service b;o.e v. lii be ;:■ 
changed from iniinity to an appropriate value (discussed 
below). 



F(i) is also used to determine the QOS 
guarantees that can be provided to a particular data flow. 

A normalised queue sendee interval is represented by 
v.-tt :."'(« hi), which da-iced by tin: equation: 



Thus, the queue service interval l(i} for a particular queue is 
inversely p:'>p- i-.-o.-i :■• the l>...idu:dtli I !;>.:.;ocaieo to the 
queue. The queue service interval l(i) identifies the lime 
period between consecutive se.-\:cmg of queue i. II Itib-O, 
indicating a best eilori queue, the queue service interval In) 
is set k> iniinity. When !(■} is set to iniinity, the queue will 
only be serviced when all other queues having a non-infinite 
value for I(i) are empty. 

Aschednling algorithm determines the queue service time 
for each queue based on the queue's service interval, 
and the length of the data packet at the head of the queue, 
P(i). Each queue may contain variable-length data packets. 
T'lc.-e.b-ic, die length of the data packet f'(i) al the head of 

the queue is used when determining the queue service oniei 

Although (he schcdiib.ng .algorithm is capable of handling 
variable- length data pa. keis, the algorithm is also capable of 
handling fixed- length data packets. 

A -variable T(i) represents the next scheduled service lime 
for queue i T^- represents a reference time (or index time) 
i.O'.d b\ die scked. !.:v »litt.:i!::i;i. 

WI.C!! the scheduiinit a 1. -.orof.tr, begias, the value ol -is 
initiaii/ed !o zero (e.g.. FIG. 4, step 72). The value ot Ifi) 
is initially calculated for each queue using the following 
equation: T(i)«I(i). The scheduling algorithm then selects 
the ixm-ernpiy ij-ae^e havoc the .-co a'des: (■oj v::Iu<. 10 be 
serviced. Tbc data packet at the head of queue t is then 
transmitted across the device's output port. If a 11 queues ate 
empty, then the algorithm wails until a queue receives a data 
packet. If two or more queues have the .same T(i) value, 
varices procedures may be used 10 break die "lie". In one 
ecilv.-dne:::, the c-etie bavo-g :he mvc:!!.^: v,:b.e 1 o ser- 
viced iirst. Alternatively, the queue having die smallest P(i) 
value can be serviced first. Those of ordinary skill in the art 
will appreciate tli.-.i various other : ; .-eeeai/e - ■ie-y be unli/ed 
10 break a "tie" between iwo or more queues having identical 
IXi) values. 

After the appropriate queue has been serviced, the value 
of T^is set to the value of T(i) for the queue just serviced 
(queue i). If queue i is empty, T(t) is set lo infinity. If queue 
i is uoi empty, a new value for T('i) is calculated as follows: 

Tbe scheduling algorithm the:; determines me next qaetc :<> 
ser\'ice by identifying the smallest value ot'T(i) and services 
the queue as described above. 



vVheo • • i slv empt\ 

queue, the next scheduled service time T(i) for the queue is 
calculated according lo Iho equation above, *t\i)«T nrt +I(i)x 
P;i) V, i i id ta puck I v t< uu o o a n-empp queue, 
the service lime for ;he packet will be calculate when the ? 
packet reaches the heat! of the queue, using the algorithm 
described above. 

! !t i i is i Toys ji >.gi i i a ot "i"t odi ik m 

i ii. let i i 1 L in i i, mu mini mi » pL 

' i H I 1 . ■( i >e 

ii i J i i 1 

i ! Jie oi lid f is j linear sv u~ i ,o ,cc\ R\ . queue 
having the minimal queue service time. Since a linear search 
. i era! ourccs in . i having merit 

queues, the procedure of FIG. 5 is particularly useful for is 
servicing a small number of queues (e.g., up to approxi- 
mately lb queues) 

Step 64 of FIG 5 determines the size ol the data packet 

lime for each queue in the router or communication device 2i< 
Step 9S theu determines; whether alt queues ate empty. If 
step 9S determines dial ail queues are empty, the procedure 
returns to step 98 to continuously ttSB for the addition of a 
data packet to one or more queues. If at least one queue 
contains i;tla, the proc J u , - p iftit to ider.iilg 

i ) d ji ( ME 

4 « it ii i < i i- 

empiy If the queue is empty, the procedure brandies to step so 
106 to sci the queue service lime for the identified queue to 
infinity The procedure then returns lo step 98. 

If step 1.04 . determines that the identified queue is not 
i continu p 10.*! t i 

sice of then erst data packet in the identified queue. Step 111) as 
then calculates the next queue service time for !!te identified 
queue. The procedure then returns to step 98, 

As mentioned above, the procedure illustrated in Fish 5 is 
similar to the procedure ol PIG. 4, but does not require the 
use of the variable T, r „ The procedure of FIG. 5 is useful for 40 
servicing a small number of queues (e.g., up to approxi- 
m ti H lo i u uesj 1 i rt nl r I tJ r pox 

dure described above with respect to FIG. 5 is implemented 
ustug die variables, equations, and algorithms discussed 

timed ncue i. Vhriub R(i) i cscols i! ' 1 . m ting 



ampty, then R(f) is set to infinity. The 
recalculated upon storage of a data 
tin Urn; Rii) is caleu! be us.i !g f * 



lula 



^-infinity, then all 
queues arc eixupiv. la ibis simatioti. (he procedure waits until 
one or more queues receives data for servicing. When data 
is reeeivi 1 tb que ^s a <i en/iced ,iu i It t 

■ 1 I i - r 1 ' >' 

When a data packet is received ..into a previously empty 
u i i ! n i ii caictd ! u I i 

to me ibove equation, R(i)=R +I(i} i iVhet i data 
packet is received t tin <. p"p ju ue, the service lime 
K o i lets i 1 x c oe tl; ted w he i t reaches he 
head of the queue i a orithi described tbov* 

FfG 6 ilhis c.s at it dm n f a processor-readable 
121) o g j oi- ct Or equc noes and otti i 

it ompisli ib | i i de 1 - 

mbodimeni ilk at n I 7 1 t i tie it est with 
.'Stems for servicing multiple queues discussed above. 

is, such as the i u ^ j 1 >im with 

ct lo PICS'. 3, 4. and 5. Processor-readable medium 120 
utijiuter-readahk; medium 



i be r 



tay b 



type o 



the 



ihedtil 



iafiz 



! R„„ 



zero. Next, the v;d 1' in calculate 

:tli ip p Mil i( t P Item 

' t i i i r l 

i t lowing equa u 

queue: 

i ' u ' i lit id 

value of R„„-, is set t» the value of Rib). Additionally, the 
value of !<„„., is set to b v value of U <lt This procedure is 
repealed until emeu tiavi been vaiualed 1 be queue 
with the smallest vah Rti) i . o a , , israiuing the 
ickc he he the queue t the output port it 

queue i is non-empty, then th( algo it hill determines the 

ii 1 <- t i , i a i 
I in rem aiding ur he nt r - »e ing the c 
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udiiig niaanetic, optical, or elt 
ti ss a di . ■ n< us! ; !e. I D-R< ' bh IT) ii) t 
device, o; similar slot age medium 

Processor era it i 120 u hides a qi uc servta 

lime determiner 122 used to calculate or determine the 
queue service time associated with a particular queue. Queue 
service time selection code 124 is capable of selecting the 
minimal queue service tin ol service limes 

vqueuesei er 126 services qi j t t< be rdei 

identified by the- queue servicing system. A data packet sice 
determiner 128 1 i t < ta packet at the 

head of each queue. Data packet assignment code VMt 
assigns data packets lo the appropriate queue based on 
information contained in the packet header. A queue status 
determiner 132 determines die status of the various queues, 
such as whether the queue is empty or full. A bandwidth 
en r f 34 1 ermine I > nd idili aT a l b 
queue. A sctvkc interval calculator 136 calculates the ser- 
vice interval for each queue. 

Alternate embodiments of processor-readable medium 
I 2>' n ii)' le onl portion ol" tl r 
i t ■ i i 1 ! i I 1 

generated i emit 1 ilie i i i procedt 

described herein' Those of ordinary skill in the art will 
ne thai various c lions, and 

procedures may be utilized by an end-system lo implement 
the teachings of the present invention. 

In the net odim hep t it ition n i> I 

pplicabk i i .i it < < it i i 1 

item! chip ireR mipiemen ns ilcliirjg 

systems prod - 1 Iran issior: st. is prod uc for 
pa f thi i b ichiog sv 

prodt I! be ial io r trivate ! eh < 

r I s lira! office s s ' i i ' 

scrit li/tandei tcbing systems for 

ng ironks betwetm witching ■ iers and! « iband on 
switches fcunJ a: tje center of a sersucc provider's; network 
that may be fed by bto dband . ige switche or access 
muxes, a i ,1 i 1 i i i i 

i term trtmsmtsstor). systems products shall, be 
a products used by service providers io provide 



intero. inuc-cuon between their subscribers arid then net- 
work. 1 ; .such as loop systems, and which provide 
m dtij i u e > • ' • .1 i - in p <ri betwc - sea . . . 
. r > • - crass ti) wide area md 

[ >n • j 1 4 > i ' i > ! - t v 
From use above descripiiou and drawings, it will be 
understood by those of ordinary skill in the art that die 
particular enibobimvnis ;.h<r.'/Q and described are for pur- 
poses of illustration oiiiy arid arc not intended to limit die 
scope of die invention 'Hio.sc of ordinary skill in the art will 
r« ize i tvemion m i s e< ! id other 

specific for wit it departing Don ; ends! 
f i risi i ' f i o det a i 1 i rticular embodi- 
menls arc no! intended to limit die scope of ihe claims . 
What Is claimed is: 

I. A method for servicing multiple queues, the method 
coin prist fig the -steps of: 

(a) identifying a queue service time associated with each 
of ihe multiple queues; -° 

s trticul , i > i . t i l i' 

minima! value of ad queue service times identified in 
step (a); and 

(c) .servicing the queue associated with the particular 25 
queue service time selected in step (b). 

2 The method of claim 1 further including the step of: 

(d) determining a new (jueue service time associated with 
the queue serviced b step (e). 

3. The method of claim 1 further including the step of so 
assigning , value of infinity to queue service times associ- 
ated with empty queues. 

4. 'lite method of claim 1 wherein the queue service tithe 
associated with a particular queue is calculated in response ^ 
to ihe s e 1 he pick the he 

and a bandwidth allocated to the particular queue, 

5. The method of claim 1 wherein the queue seivfc« time 
associated with a particular queue is -calculated in response 

to ihe size of the packet at the head of the particular queue so 
md scrvi interval 1 J r queue. 

6. The method of claim 1 further including the- step of 
repeating steps (a) through (c) while at least one of the 
multiple queues contains data. 

?. lire method of cl:nm 1 wherein ihe method is per- ** 
formed by a network routing device. 

f> Tlic method ot chum 1 wherein the method is per- 
formed by an Interne! Protocol (IP) switch. 

9. lite" method of claim 1. wherein she method is per- 50 

1 b; i i it in Iff 1 * 

10. The fiieilux of claim 1 whcreii be t hot ss per- 
formed by a switching system product. 

II. The method of claim 1 wherein trie method is per- 
formed lay a transmission system product. 

12. An apparatus for servicing a plurality of queues, the 

a scheduler coupled to the plurality of queues and con- 
figured u> Jeterininc an order fc < tug tin r»u ajity ,,,, 
of queues; 

a queue server coupled to the scheduler and the plurality 
I i 1 ' ' » sum is coalig red to 

select a particular queue in response to a queue service 
time determined by the- scheduler, and wherein the as 
queue server is configured to transmit data- from the 
selected queue to a data output. 
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13. The apparatus of claim 12 wherein the scheduler rs 
; rm r ihe arder ft r ervieirig the pie- at- 

of queues based on the size of the packet at the hear! of the 
particular queue and a bandwidth allocated to the particular 

14. The- apparatus of claim 12 wherein the scheduler is 
i red n it cm tie lilt order i t tti 

of queues based on the sine of the packet at the head o-f the 
i i a tie le and a servica I I as 1 \ itii the 

particular queue. 

15. The a i r I ' , 

contained in an Internet Protocol (IP) routing device. 

lil 1 j iso! nj.f2wlie-ie.ini! s 
con ed in an Inten el Protoe ' IP) sa itch 

V 1 1 e | j [ i 12 \ rein l! itais is 

contained in an asynchronous transfer mode- (ATM) switch. 

18. The apparatus of claim 52 wherein the apparatus is 



19, ' 



claim 12 
syster 



odat 



i ihe apparatus is 



20. An apparatus for sen uos the appa- 

ratus cornp rising: 

u a l ii it ■ it h fog i queue servi tim 

with each of the multiple queues; 
means forselee i i ctib.rqueut vic< lone having 

the minimal value of all queue service times; and 
means for servicing the queue associated with ihe par- 
ticular queue service time having the minimal value of 
ail queue service- times. 
21 The apparatus of claim 20 further including means for 
determining a new queue service time associated with a 
serviced queue. 

22. The apparatus of claim 20 i - - service 
time associated with a particular queue is calculated in 
response to the size of the packet at ihe head of the particular 
queue afsd a band dtl f rticular queut 

23. The apparatus of claim 20 whercirt the queue service 
time associated with a particular queue is calculated in 
response to the- size of the packet at the head of the particular 
queue and a service interval associated with she particular 

24. The apparatus of claim 20 wherein the apparatus is 
con inert in a sietv rou ing device 

25. The apparatus of claim 20 wherein the apparatus is an 
Internet Protocol (IP) switch. 

2f> lite apparatus of claim 20- hcrci tl apparatus is an 
asynchronous transfer mode- (ATM) switch. 

27. Use apparatus of claim 20 wherein the apparatus is 
contained in t hing - n roduct. 

"\ h 1 -(• l , 

2 fl A computer softy re n L _ , idin i riiedit t 
rcadal o pi res o 1 ucditim u ther n 

the processor, causes ihe processor to identify a queue 

a second sequence of instructions which, when executed 
by the processor, causes the processor to select a 
particuiai ice. time- h < u il val 

i 1 ;ue e servi s a i - 

a third sequence i i < i executed by 

the processor, causes the processor to service the queue 
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associated witii tie panic-alar cue-ae service lime hiv- 
ing the minimal value of all queue service limes. 
30. 'Hie computer software product of claim 29 wherein 
the medium further includes a fourth sequence of instruc- 
tions which, when execiaec! by the processor, causes the- : 
pioccssot to dcierrnii!. :■: -,-av, queue service time associated 
with the queue serviced by the third sequence of instruc- 
tions. 

31 Tu-,- .vmsptiie; N.>t»\s;-»e :>: -duct of clain: 29 v, ok re to 
the first sequence of instructions calculates a service time 
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associated witr; a. paj-'icubr queue it! responds to the s. 
the packet at the head of the particular queue and a i 
width allocated !« the particular queue. 

32. 'fhe computer software prc-due: of claim 29 wh 
the first sequence of instn.-ctioos calculates a service 
associated vai:- - particular queue in response to lite si 
the packet at Ihc head oi' the particular queue and a st 
-..Tcr'.ai associated with the particular queue. 



